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ccuracy of Multidetector Spiral Computed
omography in Identifying and Differentiating
he Composition of Coronary Atherosclerotic Plaques
Comparative Study With Intracoronary Ultrasound
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OBJECTIVES We evaluated the accuracy of contrast-enhanced multidetector spiral computed tomography
(MDCT) for the noninvasive detection and classification of coronary plaques and compared
it with intracoronary ultrasound (ICUS).
BACKGROUND Noninvasive determination of plaque composition and plaque burden may be important to
improve risk stratification and to monitor progression of coronary atherosclerosis.
METHODS We included 46 consecutive patients with a distinctive risk profile, who were investigated by
ICUS (Goldvision, 20 MHz, Jomed Inc., Rancho Cordova, California). Due to the inability
to slow the heart rate below 65 beats/min (n  7) and due to renal insufficiency (n  2), nine
of 46 consecutive patients could not be studied by MDCT (Sensation 16, Siemens,
Forchheim, Germany).
RESULTS In the remaining 37 patients, 68 vessels were investigated by ICUS, and 58 of these vessels
were visualized by MDCT with image quality sufficient for analysis. In these vessels that were
divided in 3-mm sections, MDCT correctly classified 62 of 80 (78%) sections containing
hypoechoic plaque areas, 87 of 112 (78%) sections containing hyperechoic plaque areas, and
150 of 158 (95%) sections containing calcified plaque tissue. In 484 of 525 (92%) sections,
atherosclerotic lesions were correctly excluded. The MDCT-derived density measurements
within coronary lesions revealed significantly different values for hypoechoic (49 HU
[Hounsfield Units] 22), hyperechoic (91 HU 22), and calcified plaques (391 HU 156,
p  0.02).
CONCLUSIONS This study demonstrates that, in the case of diagnostic image quality, contrast-enhanced MDCT
permits an accurate identification of coronary plaques and that computed tomography density
values measured within plaques reflect echogenity and plaque composition. (J Am Coll Cardiol
2004;43:1241–7) © 2004 by the American College of Cardiology Foundationa
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rlectron beam tomography and multidetector computed
omography (MDCT) enable an accurate noninvasive iden-
ification and quantification of calcified coronary plaques
1,2). The extent of coronary calcium is a surrogate marker
or total plaque burden, and it is suggested that future
oronary events may be predicted on the basis of the calcium
core (3–7). In addition, it has been shown that serial
alcium measurements can illustrate the effect of drug
herapies (8,9). However, there is striking heterogeneity
mong human atherosclerotic lesions, and coronary plaques
ften consist of noncalcified tissue (10,11). Thus, even in
oronary vessels without calcified plaques, severe atheroscle-
osis may be present. Furthermore, noncalcified lesions may
From the *Department of Cardiology and †Institute for Diagnostic Radiology,
linikum Grosshadern, University of Munich, Munich, Germany; and ‡Division of
ardiology, University of Minnesota, Minneapolis, Minnesota. Supported by Jomed
nc., Rancho Cordova, California. Drs. Leber and Knez contributed equally to this
ork.
Manuscript received June 24, 2003; revised manuscript received October 9, 2003,ccepted October 20, 2003.lso contribute to the development of acute coronary events
10–15). Hence, a more precise assessment of coronary
therosclerotic plaque burden and disease progression by
oninvasive imaging tools that can detect and characterize
alcified and noncalcified plaques can be expected to add
mportant information.
Recently, the potential of four-slice MDCT has been
emonstrated to allow detection and classification of non-
alcified coronary plaques (15,16). So far, no data is avail-
ble on the clinical feasibility and the diagnostic accuracy of
DCT to determine the composition of coronary plaques.
oreover, the prognostic impact of the detection and
lassification of noncalcified plaques needs to be evaluated
nd to be compared with coronary calcium scoring or
raditional risk factors. We, therefore, initiated a prospective
ntracoronary-ultrasound-controlled study in a high-risk
atient cohort to evaluate whether plaque characterization
y 16-slice MDCT is suitable to predict adverse coronary
vents and to monitor progression of coronary atheroscle-
osis. As a first step, we report here on the clinical feasibility
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Multi-Slice CT for Detection of Coronary Plaques April 7, 2004:1241–7nd the diagnostic accuracy of 16-slice CT (operating with
2 slices) to assess different types of coronary plaques.
ETHODS
atients. Forty-six patients (33 male; mean age, 63  7
ears) with a distinctive cardiovascular risk profile were
ncluded in the study if they fulfilled the following criteria:
table angina pectoris (Canadian Cardiovascular Society
lass I to III); and presence of at least two of the following
isk factors: diabetes mellitus, hypercholesterolemia, hyper-
ension, family history of premature coronary artery disease,
nd smoking. Exclusion criteria were atrial fibrillation,
nstable angina, or unstable hemodynamic conditions. All
atients gave written informed consent, and the study
rotocol was approved by the institutional ethical
ommittee.
ntracoronary ultrasound (ICUS). The protocol of the
resent study intended that ICUS was specifically per-
ormed in all patients to compare ICUS and MDCT-
erived plaque composition. Thus, the decision to use ICUS
as independent from the stenting procedure. The included
atients were not part of any other study. After successful
tent implantation, three-dimensional ICUS was performed
nder fluoroscopic guidance in the target and in nontarget
essels in order to determine plaque composition and plaque
urden. We used a Jomed Avanar FX ICUS-catheter (20
Hz, electronic transducer, Jomed Inc., Rancho Cordova,
alifornia) that is in accordance with the technical require-
ents for ICUS systems recommended by the American
ollege of Cardiology (17). The tip of the ICUS catheter
as placed in the coronary vessel distal to the stent unless a
iameter 2 mm was present. The pullback was performed
utomatically with 0.5 mm/s (Jomed Track Back II). The
omplete investigation was digitally stored, and the data
ere assessed offline using the Jomed Goldvision software
ackage by a cardiologist blinded to the computer tomog-
aphy results. Because one ICUS pullback contains more
han 1,000 frames, our analysis was performed by subsam-
ling intervals of 1 mm (17). Plaque composition was
lassified according to ICUS criteria as recently reported
nd proposed by the American College of Cardiology (17).
Calcified plaque areas were defined as plaque tissue
ontaining any tissue with an echogenity as bright as or
righter than the adventitia causing acoustic shadows.
Abbreviations and Acronyms
HU  Hounsfield units
ICUS  intracoronary ultrasound
LAD  left anterior descending artery
MDCT  multidetector computer tomography
RCA  right coronary artery
RCX  circumflex arteryHypoechoic plaque areas (soft plaques) were defined bylaque tissue revealing an echogenity lower than the adven-
itia. No calcium detectable.
Hyperechoic plaque areas (fibrous plaques) were defined
y plaque tissue producing echoes as bright as or brighter
han the adventitia. No calcium detectable.
For each section, the maximum vessel diameter, defined
s maximum external elastica membrane diameter, and the
aximal plaque thickness, defined as plaque plus media
hickness, were determined (17).
DCT protocol. Computed tomography angiography
as performed one day after the coronary intervention using
16-slice MDCT scanner (Sensation 16, Siemens Medical
olutions, Forchheim, Germany) and a previously described
rotocol (18). In brief, a bolus of 80 cc contrast agent
Solutrast 300, 300 mgI/ml1, Altana, Konstanz, Germany)
as injected intravenously (5 ml/s1). As soon as the signal
ensity level in the ascending aorta reached a predefined
hreshold of 100 Hounsfield units (HU), the acquisition of
he computed tomography data and the electrocardiogram
race was started. As in a previous study for cardiac
pplications, only the 12 inner detectors of the 16-detector
canner were used (18). Detector collimation was 12 0.75
m; tube voltage was 120 kV at a current of 450 mAs
uring 55% of the cardiac cycle (diastole) and a reduction of
he current by 80% during the remaining time of the R-R
nterval leading to an estimated mean effective radiation
ose of approximately 4.3 mSv (19). Images were recon-
tructed with an acquisition time of 210 ms in diastole 350
o 450 ms before the R wave using retrospective electrocar-
iogram gating. Motion artifacts can only be avoided in the
resence of a heart rate 65 beats/min (20); therefore, all
atients with heart rates 65 beats/min were pretreated
ith 50 to 100 mg of oral metoprolol 1 h before the scan. In
atients who did not reach a heart rate 65 beats/min,
DCT was not performed.
The computed tomography data set were analyzed by two
ndependent experienced readers using the INSIGHT
Neoimagery Co., City of Industry, California) and the
essel View (Siemens, Forchheim, Germany) software
ackages. In a first step, image quality was determined by
he investigators on the basis of the presence of motion
rtefacts and based on the contrast-to-noise ratio, which has
een determined by dividing the difference of mean density
f coronary lumen and pericardial tissue by the image noise,
hich was determined as the SD of the density value
easured in a region-of-interest in the aortic root (21).
The grading criteria for image quality were as follows:
igh image quality: no motion artifacts and contrast-to-
oise ratio 8; moderate image quality: motion artifacts
resent, but vessel still evaluable and/or contrast-to-noise
atio between 4 and 8; poor image quality: motion artifacts
resent that make vessel delineation impossible and/or
ontrast-to-noise ratio 4. Only vessels with high and
oderate image quality were considered for further analysis.
ections containing a stent were not considered for analysis.
2Coronary plaques were defined as structures 1 mm
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April 7, 2004:1241–7 Multi-Slice CT for Detection of Coronary Plaquesithin and/or adjacent to the coronary artery lumen, which
ould be clearly distinguished from the vessel lumen and the
urrounding pericardial tissue. For plaque analysis and tissue
ifferentiation, the optimal image display setting was chosen
n an individual basis, in general at a window between 600
nd 900 HU and at a level between 40 and 250 HU.
tructures with densities above the adjacent vessel lumen
ere defined as calcified, and structures with densities below
he vessel contrast as noncalcified plaques (15,16).
omparison ICUS versus MDCT. It is difficult to differ-
ntiate and separate single coronary plaques in coronary
essels, because the nature of the atherosclerotic process
nfrequently presents as a strictly focal lesion but instead
nvolves a large segment or the entire coronary vessel,
anging from initial atherosclerotic changes to advanced
alcified or noncalcified plaques. We, therefore, divided the
oronary tree into 3-mm sections (Fig. 1), and each interval
as morphologically classified according to ICUS (hypo-
choic, hyperechoic, calcified) and computed tomography
igure 1. For analysis of intracoronary ultrasound (ICUS) and multidetect
-mm sections. White lines indicate 3-mm intervals of the right coronary
DCT view of a calcified plaque. (B) Longitudinal MDCT view of the R
s indicated by the white line. (C) Corresponding axial ICUS view. (D) L
y the arrow.riteria (calcified, noncalcified). After blinded and indepen- bent assessment of the computed tomography and ICUS
ata sets, each 3-mm section was compared site by site. To
nsure that always the same corresponding coronary sections
ere compared with ICUS and MDCT, we selected a
duciary point, such as a side branch for the distal starting
eference, as has been proposed for serial ICUS investiga-
ions previously (17). The complete distance from the
duciary point to the coronary ostium was measured using
he longitudinal reconstructed ICUS data set and multipla-
ar reconstructions of the computed tomography data set to
nsure that distance measurements were the same with both
ethods. Starting from the distal reference point, the
oronary vessel was analyzed in 3-mm intervals, and the
orphology of each section was directly compared with
oth methods. A similar approach has been shown to be
ery accurate in previous studies (22,23).
DCT density measurements. For each 3-mm coronary
ection, three axial slices with a thickness of 1 mm were
nalyzed. Each slice was then divided into a raster with
2
puter tomography (MDCT) data, the coronary arteries were divided into
(RCA) in the longitudinal view of ICUS (D) and MDCT (B). (A) Axial
containing a partly calcified and noncalcified plaque; the level of image A
udinal ICUS view of the RCA; the level of the axial image C is indicatedor com
artery
CA
ongitoxes of 1 mm . In each box that contained plaque tissue,
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Multi-Slice CT for Detection of Coronary Plaques April 7, 2004:1241–7ve density measurements were randomly performed. The
ean density for the entire plaque area within a 3-mm
egment was calculated by averaging the density measure-
ents obtained from the raster boxes within the plaque. In
rder to avoid oversampling of certain tissue types in mixed
laques, density measurements for calcified plaques were
nly performed in hyperdense parts (raster boxes) of the
laques and measurements for noncalcified plaques only in
ypodense tissue. Only density values determined in plaque
reas that corresponded to plaques detected by ICUS were
onsidered for retrospective calculation of density values of
ifferent plaque types.
tatistical analyses. All statistical calculations were per-
ormed using Microsoft Windows Excel (version 9.0) (Mi-
rosoft Co., Redmond, Washington) and SPSS (version
0.0) (SPSS Inc., Chicago, Illinois) installed on a desktop
omputer. For proportions (sensitivity, specificity), the 95%
onfidence interval was determined. To compare the mean
ensity values of different plaque types, the nonparametric
ruskal-Wallis test was employed. To identify potential
ithin-patient effects, a repeated measures analysis of vari-
nce was performed controlled for interaction of the factors
atient group (group 1: patients in whom one vessel was
nvestigated by ICUS; group 2: two vessels investigated;
roup 3: three vessels investigated) and plaque type (hypo-
choic, hyperechoic, calcified). All calculations were consid-
red to be significant in the presence of a p value 0.05.
Table 1. Sensitivity of MDCT in the Detectio
Vessels (58 of 68) and Specificity to Exclude C
Soft Fibr
Sensitivity Sensit
RCA (12/16) (27/
75% 79%
(48%–92%) (62%–
LAD (44/54) (47/
81% 76%
(69%–91%) (63%–
RCX (6/10) (13/
60% 82%
(26%–88%) (54%–
Total (62/80) (87/1
78% 78%
(67%–86%) (69%–
Values are (n), %, (95% confidence interval).
LAD  left anterior descending coronary artery; MDCT
artery; RCX  right circumflex artery.
able 2. Quantitative Characteristics of MDCT Detected
ersus Nondetected Coronary Plaques
Detected Not Detected
laque thickness 1.5  0.3 mm 0.9  0.3 mm
essel size (EEM CSA) 4.5  1.2 mm 3.6  1.1 mm
Plaque cross-sectional area 42  16% 22  5%
0.05 for all categories.
EEM CSA  external elastic membrane cross-sectional area; MDCT  multi-etector computer tomography. hESULTS
ntracoronary ultrasound was performed only in one vessel
target vessel) in 18 of 46 patients. In 25 of 46 patients, in
ddition to the target artery, a second coronary vessel, and in
hree of 46 patients, three major coronary arteries were
ssessed by ICUS.
Of 46 included patients (mean age: 63  8 years) who
nitially underwent coronary catheterization and ICUS, nine
atients were not investigated by contrast-enhanced
DCT because their heart rate could not be reduced below
5 beats/min (n  7) or they revealed serum creatinine
Different Coronary Plaques in Evaluable
ary Lesions
Calcified Total
Sensitivity Specificity
(49/49) 94/102
100% 92%
NA (85%–97%)
(76/83) 294/315
92% 93%
(83%–97%) (90%–96%)
(25/26) 96/108
96% 89%
(80%–99%) (81%–94%)
(150/158) 484/525
95% 92%
(90%–98%) (89%–94%)
ultidetector computer tomography; RCA  right coronary
igure 2. Computed tomography (CT) density values for hypoechoic,
yeperechoic, and calcified plaques. Each box describes the distribution of
ensity values within one SD. The whiskers above and below each box are
escribing the range between the lowest and highest observed density
alue. The differences of the mean CT density values between hypoechoic,n of
oron
ous
ivity
34)
91%)
62)
86%)
16)
95%)
12)
85%)
 myperechoic, and calcified plaques were significant with a p value 0.02.
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April 7, 2004:1241–7 Multi-Slice CT for Detection of Coronary Plaquesevels 1.5 mg/dl (n  2). In the remaining 37 patients
mean heart rate 59  3 beats/min), 68 coronary vessels
right coronary artery [RCA], n 10; left anterior descend-
ng artery [LAD], n 35; right circumflex artery [RCX],
 23) were investigated by ICUS. The mean length of the
nvestigated vessels was 52  8 mm. Of 68 vessels in 37
atients, 45 of 68, 13 of 68, and 10 of 68 vessels were
ssessable with high-, moderate-, and poor-image quality,
espectively. Poor image quality was due to motion artifacts
n five vessels (RCA, n 2; RCX, n 2; LAD, n 1) and
n five cases due to image noise and poor contrast (RCX,
 4; LAD, n  1). For plaque analysis, only vessels
roviding good or moderate computed tomography image
uality were considered.
The accuracy determined for MDCT in the detection of
ifferent plaque types is given in Table 1. Coronary plaques
hat were not detected on MDCT had a smaller maximum
igure 3. Corresponding longitudinal and axial intracoronary ultrasoun
ntracoronary ultrasound of a left anterior descending artery in longitudinal
DCT reconstruction using maximum intensity projection. (C) Axial tom
D) Same plaque in axial view using multiplanar reformatted MDCT datlaque thickness (0.9 mm  0.3 vs. 1.5  0.3, p  0.001) mnd were located in coronary sections with a smaller external
lastica membrane diameter (3.6 mm  1.1 vs. 4.5  1.2,
 0.02) (Table 2). A total of 41 sections were incorrectly
lassified as containing plaques; 36 of these sections were
isclassified as containing noncalcified plaque. Twenty of
hese sections were located adjacent to a severely calcified
ection or a stent, and nine were located in vessels providing
nly moderate image quality. The mean computed tomog-
aphy density values for hypoechoic, hyperechoic, and cal-
ified plaques were 49 HU  22 (range, 14 to 82 HU), 91
U  22 (range, 34 to 125 HU), and 391 HU  156
range, 162 to 820 HU), respectively (p  0.02; Fig. 2).
ISCUSSION
n accurate assessment of coronary plaque composition and
laque burden remains challenging even by using invasive
US) and multidetector computer tomography (MDCT) images. (A)
ion containing a hypoechoic plaque adjacent to a stent. (B) Corresponding
phic view of the hypoechoic plaque on the level of the arrow in image A.d (IC
direct
ograethods (17,24). The modality of choice so far is ICUS
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Multi-Slice CT for Detection of Coronary Plaques April 7, 2004:1241–717). A number of investigations indicate that plaque
omposition, plaque burden, and progression of coronary
therosclerosis may be important factors influencing the risk
f adverse coronary events (10–15,24–26). Thus, noninva-
ive imaging tools that allow reliable determination of
laque burden and plaque composition may be important
or risk stratification and monitoring of coronary atheroscle-
osis. In the present study, we evaluated the clinical feasi-
ility and the diagnostic accuracy of recently developed
6-slice MDCT (operating with 12 detectors) with im-
roved spatial and temporal resolution to detect and char-
cterize coronary plaques. A potential strength of the
resent study is the fact that ICUS was used to assess plaque
urden for large segments (52 mm) of up to three coronary
rteries in a set of consecutive patients. Therefore, we were
ble to define the potential and the current limitations of
DCT concerning coronary plaque detection.
The results of our study suggest that, in a clinical setting,
DCT is feasible to assess coronary plaques with consid-
rable high accuracy (Fig. 3). We observed a strong corre-
ation between computed tomography density measure-
ents within the plaques and the lesion echogenity on
CUS.
easibility of MDCT. Sufficient heart rate reduction by a
eta-blocker was not achieved in seven of 46 patients, and in
nother two patients administration of contrast agent had to
e avoided due to significantly elevated serum creatinine
evels. Multidetector computer tomography imaging was,
herefore, suitable for 80% of consecutive patients with a
istinctive risk profile who were scheduled for MDCT one
ay after coronary stenting. In these patients, diagnostic
omputed tomography image quality was not obtained in
5% of the coronary vessels, predominantly due to motion
rtifacts. This finding is concordant with a previous
ontrast-enhanced MDCT study using a 16-slice scanner
27).
ccuracy of plaque detection. In the case that adequate
mage quality was achieved, MDCT was able to identify
alcified coronary lesions with high accuracy in all coronary
ections. The visualization of noncalcified lesions, however,
as limited by plaque and vessel size. Smaller plaques
redominantly located in smaller coronary sections were not
eliably identified by MDCT.
laque composition. We could demonstrate that lesion
chogenity of ICUS correlates well with computed tomog-
aphy density measurements in coronary plaques. Mean
omputed tomography values for hypoechoic, hyperechoic,
nd calcified lesions were statistically different. The overlap
e observed in the density measurements of different plaque
ypes appears to be inherent to atherosclerotic plaque
evelopment, as they, in general, contain different plaque
omponents ranging from necrotic, lipid-rich, to collage-
ous fibrous tissue. Our measurements are in a similar range
o those described in a prior coronary four-slice computed
omography study (16) and indicate that the computed
omography attenuation reflects the major plaque composi-ion. This appears of special interest, as plaques with
igh-lipid content (i.e., plaques with a large lipid core) that
eveal low echogenity on ICUS might be identified on the
asis of their low computed tomography attenuation. How-
ver, the prognostic impact of density based characterization
f noncalcified plaques needs to be evaluated.
tudy limitations. Although this is a multivessel ICUS
tudy, we did not assess all three major coronary vessels by
CUS in the majority of patients. In agreement with a
ecent study (27), we were able to visualize all three major
oronary arteries (RCA, LAD, RCX) by MDCT in 31 of
7 patients with diagnostic image quality. The accuracy
ata, however, certainly reflect only vessels that were ana-
yzed by ICUS and MDCT. As a consequence, the results
or plaque detection in the RCA and RCX are based on
maller sample sizes than for the LAD, and the overall
esult might be affected if more RCA and RCX were
ncluded. Furthermore, our study population consisted of
reselected symptomatic patients with a high prevalence of
oronary plaques, and accuracy for plaque detection might
e lower in a set of asymptomatic patients with a lower
revalence for atherosclerotic plaques. However, it is diffi-
ult to justify invasive investigations like ICUS in asymp-
omatic patients.
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niversity of Munich, Klinikum Grosshadern, Medizinische
linik I, Marchioninistraße 15, 81377, Mu¨nchen, Germany.
-mail: aleber@helios.med.uni-muenchen.de.
EFERENCES
1. Wexler L, Brundage B, Crouse J, et al. Coronary artery calcification:
pathophysiology, epidemiology, imaging methods, and clinical impli-
cations: a statement for health professionals from the American Heart
Association writing group. Circulation 1996;94:1175–92.
2. Knez A, Becker C, Becker A, et al. Determination of coronary calcium
with multi-slice spiral computed tomography: a comparative study
with electron-beam CT. Int J Cardiovasc Imaging 2002;18:295–303.
3. Wayhs R, Zelinger A, Raggi P. High coronary artery calcium scores
pose an extremely elevated risk for hard events. J Am Coll Cardiol
2002;39:225–30.
4. Wong ND, Budoff MJ, Pio J, Detrano RC. Coronary calcium and
cardiovascular event risk: evaluation by age- and sex-specific quartiles.
Am Heart J 2002;143:456–9.
5. Detrano RC, Doherty TM, Davies MJ, Stary HC. Predicting coronary
events with coronary calcium: pathophysiologic and clinical problems.
Curr Probl Cardiol 2000;25:374–402.
6. Pohle K, Ropers D, Maffert R, et al. Coronary calcifications in young
patients with first, unheralded myocardial infarction: a risk factor
matched analysis by electron beam tomography. Heart 2003;89:625–8.
7. O’Malley PG, Taylor AJ, Jackson JL, Doherty TM, Detrano RC.
Prognostic value of coronary electron-beam computed tomography for
coronary heart disease events in asymptomatic populations. Am J
Cardiol 2000;85:945–8.
8. Callister T, Raggi P, Cooil B, et al. Effect of HMG-CoA reductase
inhibitors on coronary artery disease as assessed by electron-beam
computed tomography. N Engl J Med 1998;31:1972–8.
9. Achenbach S, Ropers D, Pohle K, et al. Influence of lipid-lowering
therapy on the progression of coronary artery calcification: a prospec-
tive evaluation. Circulation 2002;27:1077–82.
0. Virmani R, Kolodgie F, Burke A, et al. Lessons from sudden
coronary death: a comprehensive morphological classification
11
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
1247JACC Vol. 43, No. 7, 2004 Leber et al.
April 7, 2004:1241–7 Multi-Slice CT for Detection of Coronary Plaquesscheme for atherosclerotic lesions. Arterioscler Thromb Vasc Biol
2000;20:1262–75.
1. Kragel A, Reddy S, Wittes J, et al. Morphometric analysis of the
composition of atherosclerotic plaques in the four major epicardial
coronary arteries in acute myocardial infarction and in sudden coronary
death. Circulation 1989;80:1747–56.
2. Virmani R, Burke A, Farb A. Coronary risk factors and plaque
morphology in men with coronary disease who died suddenly. Eur
Heart J 1998;19:678–80.
3. Virmani R, Burke AP, Kolodgie FD, Farb A. Vulnerable plaque: the
pathology of unstable coronary lesions. J Intervent Cardiol 2002;15:
439–46.
4. Kolodgie FD, Burke AP, Farb A, et al. The thin-cap fibroatheroma: a
type of vulnerable plaque: the major precursor lesion to acute coronary
syndromes. Curr Opin Cardiol 2001;16:285–92.
5. Leber AW, Knez A, White CW, et al. Composition of coronary
atherosclerotic plaques in patients with acute myocardial infarction and
stable angina pectoris determined by contrast-enhanced multislice
computed tomography. Am J Cardiol 2003;91:714–8.
6. Schroeder S, Kopp AF, Baumbach A, et al. Noninvasive detection and
evaluation of atherosclerotic coronary plaques with multislice com-
puted tomography. J Am Coll Cardiol 2001;37:1430–5.
7. Mintz GS, Nissen SE, Anderson WD, et al. American College of
Cardiology Clinical Expert Consensus Document on Standards for
Acquisition, Measurement and Reporting of Intravascular Ultrasound
Studies (IVUS): a report of the American College of Cardiology Task
Force on Clinical Expert Consensus Documents. J Am Coll Cardiol
2001;37:1478–92.
8. Nieman K, Cademartiri F, Lemos PA, Raaijmakers R, Pattynama
PM, de Feyter PJ. Reliable noninvasive coronary angiography with fast
submillimeter multislice spiral computed tomography. Circulation
2002;106:2051–4.9. Jakobs TF, Becker CR, Ohnesorge B, et al. Multislice helical CT of
the heart with retrospective ECG gating: reduction of radiation
exposure by ECG-controlled tube current modulation. Eur Radiol
2002;12:1081–6.
0. Hong C, Becker CR, Huber A, et al. ECG-gated reconstructed
multi-detector row CT coronary angiography: effect of varying trigger
delay on image quality. Radiology 2001;220:712–7.
1. Leber AW, Knez A, Becker C, et al. Non-invasive intravenous
coronary angiography using electron beam tomography and multislice
computed tomography. Heart 2003;89:633–9.
2. Baumgart D, Schmermund A, Goerge G, et al. Comparison of
electron beam computed tomography with intracoronary ultrasound
and coronary angiography for detection of coronary atherosclerosis.
J Am Coll Cardiol 1997;30:57–64.
3. Schmermund A, Baumgart D, Adamzik M, et al. Comparison of
electron-beam computed tomography and intracoronary ultrasound in
detecting calcified and noncalcified plaques in patients with acute
coronary syndromes and no or minimal to moderate angiographic
coronary artery disease. Am J Cardiol 1998;81:141–6.
4. Waxman S. Characterization of the unstable lesion by angiography,
angioscopy, and intravascular ultrasound. Cardiol Clin 1999;17:295–305.
5. Goldstein JA, Demetriou D, Grines CL, Pica M, Shoukfeh M,
O’Neill WW. Multiple complex coronary plaques in patients with
acute myocardial infarction. N Engl J Med 2000;343:915–22.
6. Asakura M, Ueda Y, Yamaguchi O, et al. Extensive development of
vulnerable plaques as a pan-coronary process in patients with myocardial
infarction: an angioscopic study. J Am Coll Cardiol 2001;37:1284–8.
7. Ropers D, Baum U, Pohle K, et al. Detection of coronary artery
stenoses with thin-slice multi-detector row spiral computed tomog-
raphy and multiplanar reconstruction. Circulation 2003;107:664 –6.
